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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a norbornene-based cyclic olefin addition polymer, 
modified in a molecular weight, and having an aromatic substitueht at an end of a molecular 
chain. 

SOLUTION: When addition-polymerizing a cyclic olefin in a hydrocarbon solvent in the 
presence of (i) a compound component containing a transition metal of the 8-10 group in the 
periodic table, (ii) a strong Bronsted acid compound and/or a Lewis acid compound, and (iii) a 
polymerization catalyst containing an organoaluminium component, at least one kind of 
aromatic vinyl compound is added as a chain-transfer agent to produce the cyclic olefin 
addition polymer. 
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h'jxhdri/yij^) 7°ub/P-2-y/lwfOW*>\ 5 

-y^My-2-^vih uy h^^^u^r 

nbVU. 5-y^7K;U^>--2-^;U7KV^M/xh^r 
i^^U/Urnb 0 /!/. S- J)V#}V*y-2-X)Vi£ym 

y-2-^yih , jyh^yy'J /i^rn b 

2-**)V-5-;)VT$)V*y-2-%)Vi£yWJ 



/M^RxfvK 5-S)U7$)U*>-2-#)Uti(>M- 
MfyBxf;k 2 -j*^- 5 -//MOW* ^-2 - 

-2-"f/K T^y^K2-^^;W-5-y^;K;^y 
- 2 - >f ;K ;* * ? U 2-^^-5- S)Vi£)V* 
V~2-A)V^ 3-J)Vit)V*V-2 t 3-isi})Vi£> 
WJ*f-)V^ 5-J)V7$)V*>-2 t 3-y^;^yK 
>?x^;k 5-y;P#;M^-2 f 3 - ^^^BS* 

*«L 8-^f;^-3-fN7^D[4. 4. 0. 1 
2,5. i?,io] HT-bV-8-*;^vR^f-^*5J:V 



[00 28] 
HL5] 




[0031] [* ( 2 > *k Y»-Y3iira-ifctt»a: 
xx. ^yyimit^mm. r^va^^m. run* 

8P««r»*Lr t J: <. PteO~3c7)g$c£i*H\ ] 
[0032] JbffiW ( 2 ) T*S*l4«ttl»ait»f 

^y^-2-y/M^*>\ 5-^DOy7 h^rS/^y 
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2-y/M0i'*>\ Hov-y^-2- 
? ddx b ^ f y ii/- 2 - y ;^*y , 5- 

yXb^fyt Yuis*) }V-2- J JVttJV^y ^ 5-Xh 
*i/VX^)V :i sV)V-2-J}Vi£)V*V^ 
i^Xf-;^ y /y- 2 - J)Vif»)V*V^ 5 - h y 
y-^y/y-2-y;y;K/y*>\ 5-MJ>fyrn#^ 

xy/y-2-y/yj|0y*y. 5- hj y ^y^y-y-yyy 
-2-y/M0M>>\ 5-y7x^^f;^ 1 J;P- 
2-y;y#;y*>\ 5- hy :7;y:*u>'y;y--2-yVy 
;i<;y*>\ 5- by ^nos/U^^-y/MOMo/. 
5 - b »J /n^y »J;i/- 2 - y/i^^y, 5- 

(2* , 6* , 7' -y^by^o 
[2. 2. 2] t'S^n [2. 2. 1 ] 

h-2-xy, 5- (4* -y^yy-2' . 6' , 7' 
-by^^-1' -y^t'y^o [2. 2. 2] 
f*/y) by-?u [2. 2. n^h-2-xy, 5- 

(i f -^f/^-2' , 5' i ' -y-^y- 

?o^:y^/y) b'y-^u [2. 2. l]^7*h-2-X 
T0K3 0%, a*L<<i0^^>2 0%^Sfl^T"S"* 

[0033] Witf. MM^m^^ffiW 

,R3tifc3— l o^r;^;us^y;u^^y^«it#fi[ 
S«JB#fc:*IKtt*«-^-C*6* T/yy~^/yg. 

A*»tt* 4f<0«iB£ tt-Tf 6 i fc T* 6 • S £ 
y<^8BS*{aS:*trfc<o(i. y-y#. T;y$-K 

[0034] 4&tmnimz x tynkti&mvtxuy < 
[0035] awttu7 < vfttis^co^^scowse 
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u v yWincomM^i&frT&tf 10, 000—1, 

500. 000. #£L<li:50, 000-1. 00 
0. OOOT'M.llf^l^lO, 0 0 0*i 

■cut. y^fv^ xi/is- h%t'izfmLtzkz 

mhi><r)t%h. MMLW-^ttTAtf 1 . 50 0. 

[0036] *fttycrymk*vy < ymms&nmm 
tLx\*. ( i ) jgj»*s3i8- i omwrnrnt^fo 

JfcH\ ( i i ) ST/l-VX^y YmY&m&£lf/&tz 

^fewi ( i i i ) ^r»T/i^-*> 

[0 0 3 7] ( i ) Mia®8-i owm®<kmik£ 

>vK tt^xy^—v^-fV^ ^yy-yM^y^. — 

•y K — *y ^PT^/l-T-fe h K 

/P) (1, -vtrfr] 
y^ay^r^y^h^ fx (hU7x-;^7^ 
>-) — >y^A-:?u^>f h\ ( v b -i^9u^y9-J^^ 

1 0 0 3 8 ] _hfs ( i ) m&&mti$'mmt\$. ( i 

i ) 3$:/i^;^y HK^^J;^/^^^^^ 

it^tm^h^xmm^ti^. s^Tvy-xf-y 

it-£M\±. m&L<te^yyj]s*x3Tyj-*y&^ ^ 
^^y^yi, hVy/u^ammx^m^tih 

zmxizhitxtem^h z. t h . 

vibfcvm. =y vitT)v*-*7j±^ mmt^fy. s 
yvitryfty, h , ;x(^7/wo7x-;p) 



[0040] a/i/vxt7 b'Stfk^fcitf/MxBS 
«tt^±Sr^l>c:fc^T^. ^os^i^c. Sit 

**\sy*tmthmzwmxfoh. s/i/yxfvK 

^Ht^. ;MX^-^5C7)^^t. Sf$8-1 0®yl 

[ 0 0 4 1 ] _te ( i ) w&i&mitum&Mz. s ^z 

(i. ( i i i ) ^T>U$~V2±j&tttmfr-£te J £X®L 

m&x\ &wz2mj>±z%ifr&fritxmm'f&zttf 
xz.m£L<te. ( i ) s?s8-i o]m&&mit&m 

fclHzftL. ^jtc 1^10 oigcDsmx-mizti 

[0042] mirfmfRMt. zti?ii%ktLizfttm& 
zffdRfcmmzmALxhx^L. rj^tttxtzhb 

uyx^v VMfc^t*^mmWzxM&Lt:i>cr> 

[0043] m&mtb lxi±. mtfcmm&zftmitz 
m^&z.ttfx'*z> < > mt&. is?u^*ry^ 

^y?y^ x+}Vis7u^y?y%¥<7)mm&mtfcm 
^yfy^ ^*y-y. ^t?>\ *??y&t*co 

msffmm^mmm. h^y, ^y^y, *>>uy% 

^x^mth^bipx^h. tztzL. mz-ix. hhm^ 
fmt&tt&mk*mmmz^mx'$>&%t\ mtfcmm 
u<v&x*im&mmz3cmtf$>&i%&%tiz. s\n?y 

itmitfcm^- h 9 y+czmtyu v ymmmz'j? 

SMJtii. l-2 0OiEfflT^ti^>. 

[0044] mm-^coirmt lx. mm. tfztertu 
jymm%Tx\ Rfemmzimtm#*uy < y&t> 

nmZW&nLX. -2 0°C— 1 0 orc^KHTS^Srfi 1 

*t&z.t h . j^mm t'~)Wtizmcom&&^<7>m 
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[0045] a^cOffitli. T;P3-;K *T«iL 

111. MEiaS^-&C:i:tcJ: l 5^A>fil». 

[0046] *ftty<OljmiZ X ossitsfissHfcrv:? 
-f yf+inS-g-ftS-^y;^ TVl'S-K ^-*-73rfO& 

•t&j>m. h&\mm®.*vy << ymm^<mw.b 

3f H , TV -)\> V V T)i<a*is YfrhWtttiti&mn V 

5~7 0fi»%cofii-&T'fflv><bix. &wmm<rm 
m^tt&mffltwvfomfi ioon m*grc£> & t 

1 0 0 n mJiLh^M^tiairri.tc: 
[0047] *JM*0*jSte J: 0 SBtS ix&8i# 

3>J£. 4 >-ftDDfiltH*: 1 0 OfiigPK** UT 

0. 0 5~5fifigftls!niU ^t'tcj: 

-*-*£fct>rs*u mm. ft. m-rwcj: yassttttc 

[0 0 4 8] *mi<r>1jmiz£*)wmiiti.hmtt*\'y 

tmmfrt>Mimtzmmzmvi*uy ■< ymm&w* 

WmzX *)Wfl*)sy -f ^ftJna^ffcfcWHS-efcflL 



w&Lmx-fmzm&zttWb. vovm^ ~s-btz 

[ 0 0 4 9 ] *%m<r)Jjmi,z X 0 SSit£*l.6gi#:*P7 

>ftans^*j4, 4fc, flb^^nBttWi. guar. 

■8 (M) a^ikfeitf/tfcJiag <#) S-^co* 

[0050] ^wmmnzz. owmzti&mtf.*i<-y 
omm-smz^ 2, 6-^-t-r^-ju-4-j< 

f*7x;-;K 4, 4' -f^b'X-(6-t-7f 
^-3-^W7i/-;H, l.l" -h'x(4-t 
Kp^y7i^;H i^o^fHfy, 2,2' -x-f-v 

VMX ( 4 -If 6 - t - /f /1.7 x 7-/k) , 

2, 5-y- t-7-f-jvt Hndfy> N ^y^xyxy 

f/l'f h^^fX [3- ( 3, 5 - i^*- 1 4 - 

b HP^fi'7x-)H rotr**- h=5rfc'co7'xy-;p 

tb'ndfy^K^jhS'J. ?f>Ch'jX (4-^ 
h^^-3, 5-y7x-;M7:i-X7T'fh. hy^. 

(y-*7x-;H 7tX7r^f h^rt'toy ^SS-ftK 
[0051 ] *^c7)^(cJ: 0^)t$ix-l.li«jj-p7 

-< vf=fjp*^#:ji. ffi^it^tt. ft^#tt. mmm 

flBK^-f/PA. ffl«l7'(;l'A < 
RWRfrjh7 -f;PA^fc*co3t^7 oVJ*^ OHP7-(* 
A, ryvhaEKffl3K»sSr^*ttt», 3Kfa^. ft 
7r-fA- s wyx, r'JXA. %&7 4>\>9-^ M% 

gPta«f4. earn**. 

[0052] 

\,zWYs*%>w. *®mi.z.tit>i,z x ixnbmmt-'g.vt 

&i><r)X-li%\\ myitis y -r yitbuM&fttpcom&ft 

mat <4» !H-NiviRfcj:y/^7t«i i3 c 
^pa (Mw) txv xi-uymnwf-i&ftTm <m 

n) ti. o-^OD'O'-try*. *n^*-^-x^t 

-7* — ^— XI 5 OCViyA" A-si-i'sV 

^ 0-7 h ^7 7 -f -IZ X y U3t. 

[0053] ##0yi 

ft^(ciaftL. ^SS^L/c^y 7- h77;Woxfu 
> (^Htjl^^. f7Dy, MTfflt) 
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ycom^mm m^it9 i > i f zmmLtz2-^j^ 
*y-ym- v *vn o y *:>u& a*u fcmzx&m l 

T1*#L£#£>. Mf7;^nr>f^>'S3. 0^ 
7A(12. 7S y^/P) £*ST. m&?ffe« fcSS 
Ufc. 20SUU -y MP4:*6iTh/Pxv&iDi. ^ 

[00 54] HSfiWl 

JHSffiSSfc:. 9S« h;pxy tztm LT 5 . 2 

vbA/OiUte Ltz2-J)V#)V*y* 1 9. 35 yy 

v wk &Mhju±>i5 0 $ y y ^ t>/M±s^. 

te„ WKny* 1 . o&u/V v b/HzMMLtix 

+ls>t:0. 2Sy»J yWK0. 2$y^) Srjn* 
mWL*ifib^m&t:3 0X:izfflBiLt:. 0. 2 

$~^A£0. 2^ij^, 0. 1 5 y y -y h;pc7)te 
ig#;£o. lsy^mni* ##^Jit-psl 

tZ-v^)l^&tt*-v?)m?( l zMnLXO. 0 2 

Sl h;px>-^3 0 $ y y *y h/^T#f?. >f vrn» 

T)V^-)V\ 5 y y >y h;W3»»LfcRH0. 4^A 

Jfl£T^£#jLLfc. fiflbk3 0 S y y * h/l-T*2JK 

8ft* U 1 y >y WI^M yrnbVl/T^rj— /!✓ 

I2T9 0t:T'4 0M^L, 9. 2^ 
7A(9 7%) ^y/^/^WtM^ft^tf^. 
T^JH^i (Mw)li455, 0 0 0. Sff^iH 1 * 
(Mn)lil77, 000. Mw/Mn|i2. 6T*o 
fc. iH-NMRCil»Mtli, X^l/>tCS^<© 

JR(4. SMJRffJaTCftofc. 
[00 5 5] SU&8092-4 

M£tix^u><omzmtTttmz&TLti. 
[0056] mmM5 

4 5 y *;wjwifc awi. mtffi 1 1 ra<»o»ff *ff 

v\ 6. s^^a (72%) oy^^*vftJnS*&* 

*»fco aJtT^^fi (Mw) (41 5 8, 0 0 0. Ifc 

(Mn ) (45 5, 0 0 0. Mw/Mn(42. 
9X'fo->fz. 1 H-NMR(lJ;04-hy^h^r^^y 

;^^l^vcofi!Jt#fi^S:S:^aL3tJSS. 0. 15 
0 . 1 4HWc 9 1-4 - h y 

^ y 1 fflie^ Lfc t«jaws-r s t>^T* o 
[00 57] mmme 



4$y^e;K hV^;UT)U$-iyMzitz-X, &mh 
^xy* 1 . 5 7^r;u-/y »/ YMzmWLtzx^nv 

(7 0%) ^y^/M^f+Jjm^J^o fiST^ 
^F-fi ( Mw) (4 1 6 2 , 0 0 0. jBPPJ&JHP* ( M 
n)(462, 000. Mw/Mn(42. 6T*ofc. 1 

H-nmr(iJ:04- bV* b*isisV)VX+uy<rM 

3t*fi*ffi»Lfctt«. *JK40. 14^;U%T'£>9. 
*&fltfO 1 4HF*fc 0 tC4 - h y p< y yUX# 1 

[0 0 58] HSg#j7 

4-hy^h^s^y/!^x?-u>'£8$y * ywinifcjjt 

*M4. »t«6kR*coaW^frff^. 5. 5^A(5 

8%) <r>j)Vi£)v*vmm^*qktt. ms^m^f- 

*(Mw)(4103, 0 0 0. &*p1%ft=FR (Mn) (4 
43, 000. Mw/Mn(42. AX9>^tz. J H-N 
MRfci04- bV* b^isisV JVX^Vy&M^ISL 

1 #^£>£ y (34 - h y ^ h^fv-^ y 1 \w&s 
Ltzizmm^&hcox'h^tz. 

[0059] immi 

x ^ V y S: Jp z_ o fc Blj«4 . 1 1 raSfcoSM^ 

Srfi 1 ^. 9. 3^^A (9 9%) oy/^M^#3nM 
-Sfointz. MA^ttA (Mw) (46 84, 0 0 
0 . SPP*^?* (Mn)(4283, 000. Mw/M 
n(42. 4X'$>r>tz. 
[0 06 0] Jt«S^J2 

3E^ffi«L. mmmtfztf? o o 5 y y >y h 

;Pi»JI^S(c . $m b y L T 5 . 2 ^v/ y 

v h^coaijet l^2 -y/M0i/*v* i9. 3 s y y 

(c. 4-hy^h^^^y;PX^l^y5r2^y^Sp 
86»h;Wx>-4ii . 5 7WJ «y b MzMML fz 

^JU7^M4. 0^y^) SrJnifc. 
^c0^JS$r 3 QWzmffiLtz. h;l/xy* 

0 . 0 5^e;k/y >y h;WcW(Lfc^:y^r-bf"/Pr 
-feh*-hS:0. 4$yy*yWM0. 0 2SU^) 

[0061 ] IDHSPJ8 

1 - 7 #<£tXJt«S^J 1-2 Tit J)Vit)V* 

y^-WWc07>f^ASr^L3to 7-yx3G«a*F» 
iR*7t^«f(cJ; 0 7 0 0c m-io©3^tr-^^$ SrS9 

«Lfct^%. 1 —4 "Clf ^titzm^mz^x 
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i=i 



[0062] 







mm* 

<*T) 


(*) 


Mw 
X. 
1.000 


(*2) 


ST-Si ^fi 
(* 3) 


i 


S T 


0. 2 


9 7 


4 5 5 






2 


S T 


1 


9 9 


a e 2 


0.030 




3 


S T 


2 


9 2 


1 9 O 


0.048 




4 


S T 


5 


7 5 


14 8 


0.073 




b 


ST- 
Si (OMe) a 


4 


7 2 


15 8 


(*4) 


O. 1 5 


6 


ST- 
Si (OMe) 3 


4 


7 0 


16 2 


<*4) 


0.14 




ST- 
Si (OMe) 9 


8 


5 8 


10 3 


(*4) 


0.19 


i 






9 9 


6 8 4 


0 


0 


2 


ST- 
Si (OMe) 8 


2 











[0063] ST=Xfl/y 

ST-Si (OMe) 3 = 4-hy^h^yy»J;^f 

( * l ) ^SWfcti^ ^ y#fi*^^tr^W^ 

( * 2 ) #*k^##HC:fctt& 7 0 0c m-Hc^(t-g>© 
( * 3 ) NMRfci 93te£$il*:4 - h 0* b^fyyU;!/ 

( * 4 ) LKw.mmmztii* 

[00641HM9 

JVco^t Ltz2-J)VX)l<*>$: 7 0 0 5 U U y 
(3. 36^). 5-hUxb^r5/^U;^-2-y;^ 
#/M^>-£28^A (0. 1 1^;P) . S&iWUxy 
Sri. SU-yb^fta^ Xf^>-£5. 2^ 

( 5 0*y*;P) fcjnifc. *#L*#&#<aiBK 
*2 0T:fc:iittUfc. 5. 0 SUUy b/^XHfth^x 
V(^HL3thUx^r^^^AS:4. 6 5 'J 
fc . 4 . 1 S y U y b;^(6«h^xyfc:8BLfcZ7 
^ffc^^R^xf-zi/X— r;H8*Sr 4 . 1 $ U ^/Hd 



y y *y bMzmMitzi><o£Mi. mm?m2 y v vjv 

T2m%t&Lti. «vvcftl 0 y >y b;W<7M yrnt^ 

r^-^+jctaffl. K2T9o , c-c4o«fiaia» 
u 3 22m ( 94%) com^uy < ymm& 

*Sr»fc. S*¥%ft¥M (Mw) 142 95, 0 0 0. 
tT»fl(Mn)m27, 000.Mw/Mn(4 
2. 3X*b^tl. ^-NMRfcii^W^ISRs >^ 

>icS^<i»JKl4. SJtTRRJaTTfcofc. 
[0065] HSfeW 1 0 

9. O^A ftjDifcJa^tt. HffeOT 

9hl«l^a#S:ffvv 293/7A (85%) effiVt 

< ymm&ftznti. ii^^t (Mw) 

(4355, 000,aW?t(Mn)lil55, 0 
0 0. Mw/Mn(42. 3T'#>ofc 0 1 H-NMRCJ; 

^^W^SS*. y^^*v«o«jt#<a<?>*»4. 9 7 
xotmm&c^at 0.06 ^%tj> o . m&faco 
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[0066] mmmi i 

h U x f^Trt' $ - ^ A (eft *. T . SSSMPxy+i . 

Srfrl^. 3 137yA (9 1%) (?>mtf;*U7 4>mu 

S*^^S (Mw) te3 7 6, 0 0 
0 . jR^^Hf » (Mn)lil31, 000. Mw/M 

y;^;^yco^m{5co^i^9 7^;u%TS>0. * 

[0 0 6 7] 0Mm3 

329^ (9 6%) OWR*U7 -f VftJD 
Si^^i (Mw) &8 3 1 , 0 0 
0. RTJ^Pi (Mn) 123 3 5, 000. Mw/M 

[0068] JtKCT4 

<0tMP*?TV\ 3 2 (9 4%) vmttXVy 4 



2, 000. ST^fl^M (Mn ) te334 . 000. 
Mw/Mnli2. 6tfcofc. ^H-NMRfciS^ff 

[0069] Jt«0J5 

1.5 l^fr/V »y h;Wc|H!!Lfc^^r;PS 
>y ^HIWHEja»J8fflfc:fti.T . 0 . 9'2S'J»J7 

46a u^Moifcjswi. hjs#i i o k mm<D&tt 

[0070] 



Fr?~A(##) 41011 NA04 NB04 NC02 

4J028 AA01A AB01A AC45A AC47A 
AC48A BAOOA BA01B BBOOA 
BB01B BC12B BC25B EB18 
EB26 EC01 EC02 FA02 GA01 
GA06 

4J100 AR11P AR22P AS15P BA20P 
BA71P BA77P BB01P BB03P 
BC04P BC32P BC43P BC53P 
BC55P CA01 FA04 FA09 
JA44 



